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ISU Beef Nutrition Farm Hay Transportation 
Problem Statement 
o The ISU Beef Nutrition Research Farm cares for hundreds of cattle annually. The farm is a foundation 
for developing and studying animal husbandry practices. The results of practices used at the farm provide 
information to Iowa farmers via Extension for optimal health, growth, and profitability of cattle. 
o A major part of the bovine diet is forage/roughage. A popular method of satisfying this nutritional 
requirement involves baling alfalfa hay to store and ration to cattle. Before baling can take place, the hay 
must be cut and allowed to dry. When the hay has reached an appropriate moisture content it may be 
baled. Alfalfa can typically be cut three to four times in a season. 
o It is important to remove bales from the alfalfa field for three main reasons. First, removing bales from 
the field allows the alfalfa to grow for the next cutting. Secondly, some bales are stored under a roof to 
help maintain the nutritional value of the hay. Lastly, it is best to avoid driving over standing alfalfa. If the 
bales are left in the field, a caretaker would have to drive a loader over standing alfalfa, which damages 
the next cutting’s yield. 
o There are commercially available bale movers and hay racks available to farmers. There are a wide 
variety of models, and all of them serve different purposes. Factors that determine which style of the 
trailer include: travel distance, capacity, speed, and affordability. These factors were helpful when the 
team created solutions to propose to the client. 
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1 PROBLEM STATEMENT  
Problem Statement 
o The ISU Beef Nutrition Research Farm cares for hundreds of cattle annually. The farm is 
a foundation for developing and studying animal husbandry practices. The results of 
practices used at the farm provide information to Iowa farmers via Extension for optimal 
health, growth, and profitability of cattle. 
o A major part of the bovine diet is forage/roughage. A popular method of satisfying this 
nutritional requirement involves baling alfalfa hay to store and ration to cattle. Before 
baling can take place, the hay must be cut and allowed to dry. When the hay has 
reached an appropriate moisture content it may be baled. Alfalfa can typically be cut 
three to four times in a season.  
o It is important to remove bales from the alfalfa field for three main reasons. First, 
removing bales from the field allows the alfalfa to grow for the next cutting. Secondly, 
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some bales are stored under a roof to help maintain the nutritional value of the hay. 
Lastly, it is best to avoid driving over standing alfalfa. If the bales are left in the field, a 
caretaker would have to drive a loader over standing alfalfa, which damages the next 
cutting’s yield. 
o There are commercially available bale movers and hay racks available to farmers. There 
are a wide variety of models, and all of them serve different purposes. Factors that 
determine which style of the trailer include: travel distance, capacity, speed, and 
affordability. These factors were helpful when the team created solutions to propose to 
the client. 
Business Case Statement 
The ISU Beef Nutrition Research Farm currently rents a hay trailer for $100/day to move bales. Not 
only is there a direct monetary cost, but the farm must sometimes wait for trailer availability. This is a 
common issue because other farms need equipment at the same time. This problem occurs every year, 
starting around mid-May and continues throughout the summer until corn stalks are baled for bedding 
in the fall. It is important to address this problem so the ISU Beef Farm can allocate its resources 
towards other demanding tasks. 
The ISU Beef Nutrition Research Farm is intended to be both a model for farmers as well as serve as 
a practical application for modern practices. Efficiently handling feed while ensuring nutritional quality 
and yield is a problem that all livestock farmers face. Implementing a solution that fits the research 
farm’s needs will help the university to provide information for extension purposes accurately. If the 
practices used at the research farm are more inefficient than that of modern agriculture, the farm 
cannot aid Iowa farmers in recommending profitable practices. 
2 MAIN OBJECTIVE 
The ISU Beef Farm was seeking a solution for their hay transportation needs. Our team was selected 
to design and fabricate a hay rack with the capacity for 11 round alfalfa hay bales, each weighing 
approximately 1,500 pounds and measuring 5 feet wide and 5-6 feet in diameter. The goal is to reduce 
the number of trips made out to the field after every baling and eliminate rented equipment cost. The 
hay rack will be completed before April 2020 to be utilized after the first hay cutting of 2020. 
Our client has stated that the farm rents a trailer for an average of 14 days/year (at a rate of 
$100/day). This means the farm is spending $1,400 a year on hay transportation, excluding fuel, labor, 
and other equipment costs. With our project coming out to just over $2000, the trailer will have paid for 
itself by the end of the next bailing season. 
 
● Main Objective(s) and Specific Objectives  
 The main objective is to: Provide an efficient and safe trailer to move round bales from 
a field to a storage location. 
 Specific objectives include: 
▪ Client criteria #1: Desire to use existing Badger wagon running gear 
▪ Client criteria #2: Desired budget of around $1,000 
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▪ Client criteria #3: Prefer team members must have prior welding experience 
▪ Constraint #1: Needs to have a capacity for 11, 1,500# round bales 
▪ Constraint #2: Needs to be able to transport bales safely 
Rationale 
It will be possible for our client to haul 11 bales every trip from the field to the bale 
storage location without renting equipment. 
● Project Scope 
Our team’s goal was to create a means to transport bales from a field to a storage location while 
using an existing running gear. Our team was concerned with the compatibility of the 
equipment used. Our team was responsible for the design, structural analysis, fabrication, and 
painting of the final solution. Our project does not pertain to the storage or feeding of any bales. 
3 METHODS/APPROACH 
A. Methods/Approach 
o Reference Material(s) 
o TSM 443 course packet 
o Consultation from peers in the trailer manufacturing 
o Data collection:  
o Measurements from existing running gear 
o Acceptable loading of trailer components 
o Skills:  
o Understanding of basic mechanical design, trigonometry, etc.  
o Welding 
o Fabrication experience 
o Communication  
o Schedule planning 
 
o Solutions:  
o Measurements were taken from the existing running gear to generate solid 
model proposals for the client. These models included finite element analysis of 
the selected materials for each design.  
o Proposed designs were compared using the client’s metric. Each proposed 
design met the standard criteria and constraints but differed in price and 
features. The final solution was affordable and the most versatile due to the 
incorporation of used material and the flat deck design.  
o Organization:  
o The team met with the client on an as-needed basis. Communication between 
all parties was very open, and responses were always helpful and timely. 
Teammates all had an equal understanding of project status and goals 
throughout the duration of the project. 
o Major Milestones include:  
▪ Creating proposed models 
▪ Finalizing client approved model 
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▪ Ordering and receiving material 
▪ Material preparation 
▪ Assembly, welding, and paint 
▪ Product delivery 
 
As with any project, obstacles appeared. These obstacles included broken equipment that needed to 
be repaired before we could start work, delays in shipping of materials needed to move forward, 
and finding space to work before starting the fabrication process of the hay wagon. The team was 
able to evaluate the situation to grasp the problem and move forward with corrective actions. When 
there was no action possible at a given time, the team chose to work on foreseeable problems to 
prevent future delays. 
4 RESULTS  
Results/Deliverables 
Our team delivered a functional and appealing hay rack, a final report detailing the 
process we took to design and fabricate the hay rack for our client, and a poster to 
present our project to visitors. The deliverable fell within our project scope and met 
client expectations. 
5 BROADER OPPORTUNITY STATEMENT  
a) The simplicity of our project will appeal to the average person as it is useful for more than just 
hauling bales. 
b) The trailer was designed to be both easy and safe to use.  
c) Many livestock producers use forage as feed and experience similar transportation issues. Our 
project exemplifies how common tools and materials can be utilized to fit a small budget. 
d) Companies with this problem are willing to spend varying amounts to solve the problem due to 
a differing perceived amount of inconvenience from company to company. 
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6 GRAPHICAL ABSTRACT  
Figure 1: 3D Model of Empty Wagon 
 
 
 
7 APPENDIXES 
Figure a: Spreadsheet of Total Costs for Project 
 
Item Description Price Quantity Total
1 10" x 20lb A36 Steel C Channel (24' Long) 635.00$    2 1,270.00$ 
2 3" x 1 1/2" x 3/16" A36 Steel Rec Tube (24' Long) 126.48$    2 252.96$     
3 2" x 2" x 3/16" A36 Steel Square Tube (20' Long) 109.68$    2 219.36$     
4 2 1/2" x 3/16" A36 Steel Flat Bar (20' Long) 37.80$      2 75.60$       
5 2 1/2" x 3/16" A36 Steel Flat Bar (8' Long) 16.62$      1 16.62$       
6 2 1/2" SCH 40 Pipe Size Tube (8' Long) 59.48$      1 59.48$       
7 Grade 30 Straight Chain, 1/4", 1300lb (20' Long)* 34.98$      1 34.98$       
8 Reflective Tape, 2" x 30' * 29.99$      1 29.99$       
9 33lb Carbon Steel Spool MIG Welding Wire, .045" Diameter* 82.00$      1 82.00$       
10 Welding Pliers * 18.18$      1 18.18$       
11 Red Shop Towels, 12" x 12" 25 Pack* 17.30$      1 17.30$       
12 Lacquer Thinner, 1 Gallon* 19.05$      1 19.05$       
13 Delivery Fee 50.00$      1 50.00$       
14 Recycled C-Channel (198' Total) 0.28$        198 55.44$       
15 Delivery Fee 95.00$      1 95.00$       
Total: 2,295.96$ 
* Purchased Using TSM 416 Class Fund Class Fund: 201.50$     
Client Total: 2,094.46$ 
Bill of Materials
Spring 2020 TSM 416 Technology Capstone Project - Final Report – April, 2020 
Department of Agricultural and Biosystems Engineering (abe@iastate.edu) aims to be a premier team 
serving society through engineering and technology for agriculture, industry and living systems.  ABE 
welcomes opportunities to discover and improve new technologies for all stakeholders.  6 
 
 
Figure b: First Day of Project Fabrication 
 
Figure c: A 3D model with Simulation of Deflection When Loaded 
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Figure d: 3D Model of Loaded Trailer (note: tie-downs are needed to secure the bales) 
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Figure e: Exploded View of 3D Model 
 
 
